Background and aims: Clinical usefulness of cytomegalovirus (CMV) antigenemia assay and blood CMV polymerase chain reaction (PCR) in patients with ulcerative colitis (UC) needs to be evaluated. Methods: Medical records of moderate to severe UC patients between January 2001 and December 2012 were reviewed retrospectively. Diagnostic performances of CMV antigenemia assay and blood PCR to predict CMV colitis, and clinical outcome according to the results were analyzed. CMV colitis was diagnosed by H&E staining and/or CMV immunohistochemistry. Results: Of the 229 study subjects, 83 patients (36.2%) had CMV colitis. The sensitivity and specificity of CMV antigenemia assay were 47.0% and 81.7%, and those of blood CMV DNA PCR were 44.3% and 87.9%, respectively. If either CMV antigenemia or PCR was positive in the presence of significant ulcers, the sensitivity and specificity of having CMV colitis were 67.3% and 75.7%, respectively, with the area under the receiver operating characteristic curve value Abbreviations: CI, confidence interval; CMV, cytomegalovirus; IQR, interquartile range; LR +, positive likelihood ratio; LR −, negative likelihood ratio; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive predictive value; UC, ulcerative colitis.
Introduction
Cytomegalovirus (CMV) is an important pathogen causing a wide spectrum of disorders, ranging from asymptomatic infection in immunocompetent hosts 1 to disseminated disease in immunocompromised patients. 2, 3 Although gastrointestinal involvement of CMV is rare in immunocompetent individuals, clinically significant CMV gastrointestinal disease may occur in immunocompromised patients such as transplant recipients or in immunocompetent hosts of advanced age. 3, 4 In addition, CMV can lead to worsening of colitis in patients with moderate to severe ulcerative colitis (UC), mainly in those with corticosteroid-refractory disease. [5] [6] [7] [8] Therefore, a reliable and rapid diagnostic method for detecting superimposed CMV colitis is essential in patients with moderate to severe UC. 9 In the 2009 European Crohn's & Colitis Organization (ECCO) guidelines, histopathology combined with either tissue polymerase chain reaction (PCR) or immunohistochemistry (IHC, using monoclonal antibodies against CMV immediate early antigen) was suggested for diagnosing CMV colitis. 10 Using CMV DNA detected in colonic tissue with PCR to diagnose CMV colitis is a matter of debate, since it can represent either false positivity 11 or CMV reactivation. 12 Although the best approach involves confirming the presence of CMV with histological analysis using IHC staining, [13] [14] [15] tissue biopsy could possibly lead to hemorrhage or perforation related with endoscopic examination, especially if significant, large, and bleeding ulcerative lesions are present. [16] [17] [18] In addition, during the time to get results of IHC staining and/or colonic tissue CMV DNA PCR, the clinical deterioration may occur in UC patients. Therefore, blood tests for CMV antigen or CMV DNA could be considered as a possible alternative or complement for endoscopic biopsy.
Most studies have focused on the role of CMV antigenemia and blood CMV DNA PCR for identifying CMV infection, especially among transplant patients. 3, [18] [19] [20] The sensitivity of the CMV antigenemia assay was reported to be 69.4% in detecting CMV pneumonitis among lung transplant patients. 20 The overall performance characteristics of the antigenemia assay in predicting CMV disease among solid organ transplant patients have been reported to include a sensitivity of 64% and a specificity of 81%. 21 In a study of hematopoietic stem cell transplant patients, plasma CMV DNA PCR showed higher sensitivity for detecting CMV in the blood than CMV antigenemia assay (98.8% vs. 45.2%, respectively), and the PCR assay detected more episodes of active CMV infection than did the antigenemia assay, 22 although the clinical utility of the PCR assay is disputed due to its low specificity. For diagnosing CMV gastrointestinal disease among immunocompromised patients, the sensitivity and specificity of the antigenemia assay were 54.4% to 65.4% and 87.5% to 93.6%, respectively. 18, 23 Among patients with UC, however, few studies have been performed on the clinical utility of CMV antigenemia and blood CMV DNA PCR for diagnosing CMV colitis, and the diagnostic role of these tests in patients with UC is uncertain.
Therefore, we evaluated the clinical utility of CMV antigenemia assay and blood CMV DNA PCR for diagnosing CMV colitis in patients with moderate to severe UC.
Patients and methods

Patients
Medical records of patients with moderate to severe UC who had undergone biopsy of colonic tissue on suspicion of superimposed CMV colitis from January 2001 to December 2012 at Asan Medical Center (Seoul, Republic of Korea) were enrolled in the study. Patients who were tested for either CMV antigenemia assay or blood CMV DNA PCR were included. The patients' disease severity was graded by the Mayo score, 24 and patients with a total Mayo score of 6 or higher were included. Patients were endoscopically suspected to have superimposed CMV colitis if significant ulcers were present, which was defined by a Blackstone score of 8 or more, with more than 10 large ulcers (N 5 mm) per 10 cm segment. 25, 26 Two endoscopists, who had colonoscopic experience of more than 1000 cases each, determined whether the ulcers were significant in a blinded manner by reviewing endoscopic images retrospectively. Examples of significant and non-significant ulcers are shown in Fig. 1 . For diagnosis of CMV colitis, colonic tissues were obtained from ulcers and were immunohistochemically stained for CMV. Patients were excluded if neither CMV antigenemia assay nor blood CMV DNA PCR was performed. The attending physician decided whether it was necessary to treat the CMV disease. In general, patients who either failed to show response to corticosteroids initially or who were aggravated despite initial response were treated with ganciclovir. The clinical data of 229 patients were collected from the medical records and reviewed retrospectively. Regarding the medication history, previous use of corticosteroids was classified into four groups as follows: (1) high-dose (intravenous or oral corticosteroids 40 mg/day or more); (2) moderate-dose (20 mg/day or more for N 2 months); (3) low-dose (oral b 20 mg/day or oral N 20 mg/day for b 2 months); and (4) no use of corticosteroids. 27 Recent use of thiopurines within the past one month 27 and anti-tumor necrosis factor agent use within the past eight weeks were also investigated. We compared the clinical characteristics on the day of admission or endoscopy (whichever was earlier) between UC patients with CMV colitis and those without CMV colitis. Further data after evaluation of CMV status including ganciclovir and infliximab therapy and colectomy on the same admission were also collected.
Definition of CMV colitis
CMV colitis was defined as cases showing one or more inclusion bodies on hematoxylin and eosin (H&E) staining and/or positive CMV IHC staining in colonic biopsies. 18, 23, 28, 29 Patients with negative results in both H&E staining and CMV IHC staining were classified as not having CMV colitis. Accordingly, the study subjects were classified as UC-CMV colitis group or UC only group.
CMV antigenemia assay and blood CMV DNA PCR test
The CMV antigenemia assay was carried out using the Light Diagnostics™ CMV-pp65 Antigenemia Immunofluorescence Assay (Chemicon International, Temecula, CA) for identifying the lower matrix protein pp65 of CMV in isolated peripheral blood leukocytes. The assay result was expressed as the number of CMV antigen-positive cells per 200,000 leukocytes, and a positive result for the CMV antigenemia assay was defined as one or more CMV-positive cells per 200,000 leukocytes applied.
The blood CMV DNA PCR was quantified using a commercially available real-time PCR test using a QIAamp Blood Mini Kit (QIAGEN, Valencia, CA). 30 A positive result for blood CMV PCR was defined as more than 250 copies/mL.
Microscopic examination and immunohistochemistry
One to six 1 to 3 mm tissues were obtained with colonoscopic biopsy. The tissues were immediately immerged in 10% neutral-buffered formalin and then, embedded in paraffin. For the microscopic examination, 4 μm thick sections were transferred to glass slides and stained with hematoxylin and eosin. For immunohistochemical staining, sections of 5 μm thickness were obtained with microtome from the paraffin block, transferred onto adhesive slides, and dried at 62°C for 30 min. Immunohistochemical staining with antibody against CMV (CCH2 + DDG9, 1:100, Dako, Glostrup, Denmark) was performed using a Benchmark automatic immunostaining device (Ventana Medical System, Tucson, AZ) according to the manufacturer's protocol. Slides were counterstained with hematoxylin. Positive results on immunohistochemical staining were classified into "rare positive staining cells (one or two positive cells)" and "multiple positive cells". 29 
Statistical analysis
Chi-squared or Fisher's exact tests were used to compare categorical variables, and Student's t-test or Mann-Whitney's U test for continuous variables, where appropriate. We used Cohen's κ coefficient index to evaluate the interobserver agreement on the presence of significant ulcers on endoscopy. Diagnostic performances of the CMV antigenemia test and the blood CMV PCR were expressed in terms of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR +), and negative likelihood ratio (LR −) with 95% confidence intervals (CIs). To identify the number of positive findings among the CMV antigenemia, blood CMV PCR, and significant ulcers on endoscopy that best predicted CMV colitis, the receiver operating characteristic (ROC) curves were plotted, and compared using a nonparametric method reported previously. 31 Stata ver. 12.1 was used for the analysis (StataCorp, College Station, TX) and p-values less than 0.05 were considered statistically significant. 
Ethical considerations
Results
Demographic characteristics of the study subjects
There were 324 patients who were suspected of having CMV colitis. Among these, 72 patients had not been tested for either CMV antigenemia assay or blood CMV PCR, and were excluded. Also, patients with Mayo score of b 6 were excluded (n = 23). The remaining 229 patients were included for analysis. There were 125 male patients (54.6%), and the median age at presentation was 42 years (interquartile range [IQR], 31-55). There were 83 patients who were diagnosed as having CMV colitis (36.2%, Table 1 
Endoscopic findings of study subjects
Comparing the agreement on the presence of significant ulcers among endoscopists, complete agreement was obtained in 83.8% of cases (n = 192, 37 cases of discrepancy 3.3. Diagnostic accuracy indices of CMV antigenemia assay and blood CMV DNA PCR test CMV antigenemia assay was performed in 225 patients (98.3%), and blood CMV PCR test in 177 patients (77.3%). In 173 patients (75.5%), both blood tests (i.e. CMV antigenemia and blood CMV PCR) were performed. The sensitivities of CMV antigenemia assay and blood CMV PCR test for CMV colitis were 47.0% and 44.3%, respectively ( Table 2 ). The specificities of CMV antigenemia assay and blood CMV PCR test were 81.7% and 87.9%, respectively. The positive predictive values of these tests were 60.0% and 65.9%, respectively, and the negative predictive values were 72.5% and 75.0%, respectively. The sensitivity of significant ulcers on endoscopy (among agreed cases, n = 192) for CMV colitis was higher (88.9%) than the blood tests, but the e Among patients who were tested for CMV antigenemia (n = 225).
f Among patients who were tested for blood CMV PCR (n = 177).
specificity was lower (23.3%). Combining these tests, if any blood test was positive (i.e., CMV antigenemia assay or blood CMV DNA PCR) in the presence of significant ulcers, the sensitivity and specificity in predicting CMV colitis were 67.3% and 75.7%, respectively, with the area under the ROC curve value of 0.717 (Fig. 2) . Among patients who showed significant ulcers on endoscopy and were tested for CMV antigenemia (152 out of 192 agreed cases), those who were positive for CMV antigenemia assay showed significantly higher probability of CMV colitis (33/ (Table 3) , the PPV of the blood tests was high in the presence of significant ulcers (66.0% and 67.6% for CMV antigenemia and blood CMV PCR, respectively), whereas the NPV was high with non-significant ulcers (85.7% and 85.2%, respectively).
Clinical course of UC-CMV colitis patients
Among UC-CMV colitis patients, there were 61 (73.5%) who subsequently underwent ganciclovir treatment. Having positive results on both CMV antigenemia assay and blood CMV PCR had significant association with subsequent administration of ganciclovir ( 
Discussion
In this study, we evaluated the diagnostic performances of CMV antigenemia assay and blood CMV PCR for CMV colitis a Among patients who were tested for CMV antigenemia assay (n = 225).
b Among patients who were tested for blood CMV PCR test (n = 177). c Both CMV antigenemia assay and blood CMV PCR tests positive vs. both tests negative (n = 139). d Among cases on which the endoscopists had agreed on the presence/absence of significant ulcers (n = 192). e Findings, meaning CMV antigenemia, blood CMV PCR and significant ulcers, among patients who were tested for both CMV antigenemia assay and blood CMV PCR test, and among cases on which the endoscopists had agreed on the presence/absence of significant ulcers (n = 148).
f Among patients with agreed significant ulcers and both blood tests available (n = 119).
in moderate to severe UC patients. Our data showed that the sensitivities of CMV antigenemia assay and blood CMV PCR test were low (47.0% and 44.3%, respectively), whereas the specificities were relatively high (81.7% and 87.9%, respectively). The sensitivity values are lower than those of a previous study 18 among immunocompromised patients (64.9% by CMV antigenemia assay and 73.0% by blood CMV PCR), but higher than a small sized study 32 among UC patients (17.6% with antigenemia). The colectomy rate among UC-CMV colitis patients was significantly higher with positive antigenemia assay (33.3% vs. 11.4%; p = 0.015), whereas the degree of positively staining cells on immunohistochemistry showed no significant association with further colectomy.
Having used a stricter diagnostic criterion, the frequency of CMV colitis was lower in our study (36.7%) than those of previous studies (52.5%-56.7%). 18, 32 We believe that the lower frequency by strict criteria could have led to lower sensitivity values of the blood tests. Also, non-real-time PCR method for blood CMV PCR test in our study could have contributed to a lower sensitivity. Since the presence of significant ulcers on endoscopy showed higher sensitivity and lower specificity than blood tests, we hypothesized that Figure 2 Receiver operating characteristic (ROC) curves of the number of positivity among CMV antigenemia assay, blood CMV PCR, and presence of significant ulcers on endoscopy in diagnosing CMV colitis. CMV, cytomegalovirus; PCR, polymerase chain reaction. *Blood test includes CMV antigenemia and blood CMV PCR. Analysis was performed among patients who were tested with both CMV antigenemia assay and blood CMV DNA PCR, and among cases where the endoscopists agreed on the presence/absence of significant ulcers (n = 148). Table 3 Diagnostic accuracy indices of CMV antigenemia, blood CMV DNA PCR according to presence of significant ulcers on endoscopy to predict CMV colitis. Values are expressed with their 95% confidence intervals based on binomial distribution. Analysis performed on cases for which the endoscopists had agreed on the presence/absence of significant ulcers (n = 192).
a Among patients who were tested for CMV antigenemia assay (n = 188).
b Among patients who were tested for blood CMV PCR test (n = 152). c Both CMV antigenemia assay and blood CMV PCR tests positive vs. both negative, among significant ulcer-agreed patients tested for both blood tests (n = 118).
combination of these tests could provide compensatory clinical information. Still, the combination of these findings yielded sensitivity of 67.3%, with the area under the ROC curve value of 0.717. Although the sensitivity and PPV of this combination approach were not high, the blood tests may aid in clinical decision making in differential diagnosis of CMV colitis with their high specificity (75.7%) and negative predictive value (76.8%).
CMV colitis is a major cause of aggravation and clinical deterioration among patients with UC, and diagnosis at an early stage is essential. 14, 33, 34 However, clinical diagnosis of CMV colitis can be difficult, as it may merely be a surrogate marker for severe disease, not real aggravating role of CMV.
11 Considering the high false positive rate of colonic tissue PCR, some authors suggested only tissue IHC, and not tissue CMV PCR, to be used to diagnose CMV colitis. 11, 35 In several previous studies, tissue CMV PCR-positive cases were classified as a separate diagnostic category, 23 or were given clinical significance. 32 However, the significance of a positive tissue CMV PCR in the absence of other histological signs of infection remains unclear. 11 We therefore used a stricter diagnostic criterion for CMV colitis using H&E and IHC staining only, and cases with tissue CMV PCR-positivity only were categorized into UC only group. The role of CMV in the exacerbations of UC is the topic of continuing debate. 11 Matsuoka et al. 36 and several others 37 reported that CMV reactivation disappears without antiviral treatment in UC patients. However, Roblin et al. reported that antiviral therapy has allowed some tissue CMV-positive patients with severe colitis who were resistant to corticosteroids or anti-TNFs to achieve clinical remission and avoid colectomy. 38 Also, Yoshino et al. reported that among 12 CMV DNA-positive patients with UC treated with ganciclovir, 10 patients (83.3%) went into remission. 32 Other studies showed 60.0% to 83.3% response to antiviral therapy among patients with steroidrefractory disease and CMV reactivation. 5, 6, 8 Both the American College of Gastroenterology Practice Guidelines and the European Crohn's and Colitis Organization Consensus also recommend treatment with antiviral agents when CMV is detected in colonic tissue in refractory UC patients. 10, 39 Whether or not to treat CMV colitis is beyond the scope of this study, but since CMV antigenemia showed significant association with colectomy rate in our data, the presence of CMV antigenemia may provide clinically meaningful information among UC-CMV patients.
In our patients with CMV colitis, the median age was older and more patients were on corticosteroids or thiopurines than those with non-CMV colitis, which is in accordance with previous studies.
14,33 Also, more patients had significant ulcers in the CMV colitis group. In a recent study by Suzuki et al., 40 punched-out ulceration, longitudinal configuration, irregular ulceration, and cobblestone-like appearance were more frequently observed with CMV colitis. Complicated CMV infection in UC is considered to cause significant colonic ulcers. 40 However, judging the ulcers as significant or not could be inconsistent among endoscopists. Still, there was a relatively high degree of agreement between two endoscopists in our study (83.7% of cases). By using cases where two blinded endoscopists had agreed upon the presence of significant ulcers, we intended to include only cases with certainty in "significant" ulcers. According to our results, CMV antigenemia assay and blood CMV PCR test should have diagnostic utility only in conjunction with significant ulcers on endoscopy, since these tests showed no meaningful predictability in diagnosing CMV colitis for cases with non-significant ulcers.
This study has several limitations. First, the intensity and the number of positively staining cells per high power field on tissue IHC staining have not been taken into account, which could have provided additional information. Second, this was a retrospective study, conducted in a single center, which could cause biased results. Third, tissue real-time PCR was not used in our study. In a recent report, 38 cut-off values of CMV copies by real-time PCR were associated with resistance to treatment. Therefore, real-time PCR could have provided additional information regarding diagnosis of CMV colitis in our study. In conclusion, CMV antigenemia assay and blood CMV DNA PCR seem to have low sensitivities for diagnosing CMV colitis in patients with moderate to severe UC, and these tests should be interpreted in conjunction with endoscopic findings. Considering the low sensitivity values, CMV antigenemia and blood DNA PCR could not substitute for endoscopic biopsies. However, since the specificity and negative predictive values of CMV antigenemia and blood CMV PCR are relatively high, these tests could aid in early differential diagnosis of CMV colitis. Also, CMV antigenemia assay may predict clinical course of UC-CMV colitis patients.
